The number of applications on online mobile application stores is increasing at a rapid rate. Smart-phones are used by a wide range of people varying in age, and also in the ability to use a smart phone. With the increasing dependency on smart-phones, the paper aims to determine whether the popular applications on Google Play, the official store for Android applications, can be used by people with vision impairment. The accessibility of the applications was tested using an external keyboard, and TalkBack, an accessibility tool developed by Google. It was found that several popular applications on the store were not designed keeping accessibility in mind. It was observed that there exists a weak positive relationship between the popularity of the application and its accessibility. A framework is proposed that can be used by developers to improve the accessibility of an application. The paper also discusses the programming aspects to be considered while developing an Android application, so that the application can be used by sighted as well as visually impaired users.
Introduction
'Disability is the inability or limitation in performing tasks, activities, and roles to levels expected in physical and social contexts' 1 . Visual impairment may refer to total blindness, partial blindness, or color blindness, wherein total blindness is a condition where the person's vision has been lost completely. A partially blind person can see images, but not clearly, and a color blind person may get confused while identifying a particular color or a combination of colors 2 . Hearing impairment is the partial or total loss of hearing, and motor impairment is the inability to perform certain physical activities associated with one or more body parts. The paper focuses on visual impairment and the smart-phone applications that can be used by people with partial or complete blindness. The paper, however, does not focus on web-based applications.
According to World Health Organization, in the year 2013, 285 million people were visually impaired across the world, and approximately 90% of the visually impaired . World Health Organization, in the World Report on Disability of 2011 4 , specifies lack of accessibility as a major factor that converts impairment into a disability. Lack of accessibility may refer to transport, print, infrastructure or any entity that the person is unable to make use of due to his/ her impairment. With the ongoing growth of technology and its significance in our daily activities, it is essential that these smart-phones and the applications provided by developers and companies cater to the needs of people with impairments. All users should not be compelled to use the same method of interaction with the application, without considering their specific needs 5 . The market today is booming with mobile operating systems from various companies, the front runners being, Android by Google, and iOS by Apple. According to a report by IDC, Android dominates the smart-phone market share as of February 2014 6 .
Owing to its open source nature, Android has a vast developer community that develops applications and uploads them on the official market, called Google Play. Android phones are extremely popular in developing countries such as India as a wide variety of options with respect to price are available to the buyer. Since Android phones can be found in a huge number in developing countries, and these countries cover the majority of the percentage of people with vision impairment across the world, the objective of the paper is to explore the popular applications available on Google Play and to identify whether they can be used by visually impaired users. The paper also aims to determine whether there is any relationship between the popularity of the app and its accessibility.
Efforts to Facilitate Accessibility
Substantial amount of work has been done in this domain leading to several suggestions from researchers. Kientz et al 7 , developed an application for locating lost items using a tagging system. In order to reduce the effort associated with text entry, the user's voice is used as the input. The authors suggest that an auditory interface could be used to adapt to devices with small screens. Batusek and Kopecek 8 recommend the development of an easily customizable system, wherein the user should be able to retrieve the required content quickly. In case of a voice recognition system, the authors state that the developer should take into consideration a scenario where one command may be spoken by the user in several ways. de Sa and Carrico 9 emphasize on user interfaces with high contrast ratio, and on the size of the elements on the screen. A partially blind person should not be unable to use the application due to the small size of buttons or other user interface elements. Provision of a set of preferences to choose from, ease of use with one hand, and availability of alternative descriptions of the elements on the screen are some of the solutions suggested by Kukulska-Hulme 10 . The User Centred System Design (UCSD) framework was proposed by Norman and Draper 11 where the user's requirements play a key role in the design and development of a software product. Gulliksen et al 12 , describe the inclusion of UCSD in various phases of the system life-cycle. It is included in the planning phase, wherein the plan for the design is determined; in the analysis phase, the requirements of the users are ascertained; in the design phase, a detailed design is created; a continuous evaluation of the software is performed in order to identify usability issues, and the feedback thus obtained is used as an input for the planning phase, thus iterating the steps specified above. After successful results, the software is implemented and monitored with respect to its usability. Throughout the process, there should be a continuous focus on the users and their requirements. Newell and Gregor 13 suggest the term 'User Sensitive Inclusive Design' wherein people with impairments are made part of the design and development process and the results thus obtained are shared with other researchers, designers and developers. Since the intensity of impairment may vary from person to person, his/her way of interacting with a smart-phone may also vary, which means the difficulty faced by people with visual impairment may vary depending on their usage 14 . Therefore while considering users with impairments, the difference in usage patterns should also be considered. Sometimes involving users in all the stages may not be a feasible solution. In such cases, designers and developers can make use of simulators to understand the accessibility problems and to design, develop and test the application accordingly 15 .
Methodology
Google Play (initially Android Market), the official store for purchasing or freely downloading Android apps, has over a million applications, consisting of both, free as well as paid applications 16 . The user base of Android applications consists of users from various walks of life, ranging from students and working people to senior citizens. Thus applications should be developed keeping in mind a wide variety of users. With the launch of Android One 17 , more users will have access to budget phones that run on an Android platform. The author tested 53 applications uploaded on Google Play, for parameters such as usefulness with accessibility service (TalkBack) enabled, navigation through an external keyboard, and the ability to change text size and color. Popular applications from books, communication, education, finance, health, media, news, productivity, shopping, social, tools and weather categories were tested. The applications were downloaded on Aakash 2 tablets and Micromax A74 smart-phone. The popularity of applications was based on the reviews and the number of downloads of the application, that is displayed on the application's page on the store. and Table 2 lists the observations made with respect to navigation capability using TalkBack accessibility service and/or an external keyboard, and user's ability to customize the application's text size and colors. The details in Table 1 
Amazon
The Amazon app lets you shop and manage your Amazon orders from anywhere. Browse and shop by department, compare prices, read reviews, share products with friends, check out Gold Box Deals, make purchases, and check the status of your orders.
Varies with device Adobe Reader
Using Adobe reader, the user may work with PDF documents on their Android tablets or phones. It allows the user to easily access, manage, and share a wide variety of PDF types. Whether walking, hiking, or backpacking for pure enjoyment, to improve the user's general health and fitness, or as part of a specific diet and weight loss routine, the Runtastic Pedometer counts every step taken. Navigation is possible but no feedback is given to the user.
No No
The app is dependent majorly on touch events to set the pickup location and to select a car. Switches are placed at a distance from their label, and are not enabled/disabled when the user selects the label. This could occur because the label and checkbox are not associated with each other. While using the arrow keys on the keyboard, if the end of the row is reached, the focus should shift to the next line. Instead, the focus shifts to the next tab.
Calculator Plus Free
Gave speech feedback as Button 8 , unlabeled. Buttons with images do not have contentDescription.
No No No
The app cannot be used with the help of Talk Back alone as the user does not get the appropriate feedback about the button that was pressed by him/her. The app cannot be used using a keyboard as it does not detect button selection through the keyboard.
Fast Notepad
Gave No content description for the lock button, which is used to stop or pause the counting of steps. No content description for radio buttons that are displayed in the form of images.
Unable to shift focus to the number of steps taken, and duration labels. Unable to shift focus to the labels that describe the environment in which the user went for a walk.
No No
Since the app will be used while walking, navigation problem using the keyboard may not be a major issue.
Water 
Results and Analysis
The objective was to determine whether there is any relationship between the accessibility of the application and its popularity which is measured by the number of downloads and the average user ratings. The model given below was devised to quantify the accessibility of an application.
The following variables were considered: a: application is accessible using TalkBack b: application is accessible using external keyboard c: user can change the text size of the content d: user can change the text/background color of the content, Accessibility coefficient of an application X, (X accessibility ) = f (a, b, c, d), where
The model was developed based on the fact that for a blind user, the text color and size are insignificant, thus the application is accessible to him/her if there is appropriate speech feedback when using the touch screen or while navigating using an external keyboard. On the other hand, for a partially blind user, the text size and colors play an important role in the usage of the app. Therefore in this case the application is accessible if the user is provided with the option to modify the text size and text/ background colors.
The accessibility coefficients for the 53 applications were calculated, and compared with their corresponding popularity. The popularity is the sum of the average user rating and the number of downloads (scaled down to a smaller number) of each application. Here, popularity is denoted by g(r,dl), which is calculated as r + dl/100000, where r refers to the average user rating and dl refers to the number of downloads. Table 3 denotes the popularity and accessibility coefficients of the applications calculated using the specified model.
Discussion
As can be seen, many applications discussed here follow the cell of exclusion19, wherein special needs of users are not taken into consideration. In order to improve the accessibility of an application, the following points should be considered by developers in order to create an application that supports inclusion: 1. The user must be able to change the default font size, or he/she must be able to zoom in our out using simple gestures.
2. The user must be given an option to choose from a list of text and background colors.
3. Content descriptions in Android applications are used by screen readers and other accessibility services to describe to the user, the elements present on the screen. It should be a string that identifies the element with which it is associated. As can be seen, it was found that majority of the applications did not have appropriate content description text associated with the elements. In Android, the content description can be specified in the XML file using the android:contentDescription attribute, or in the java code using the setContentDescription method.
4. Keyboards are often used with touch screen devices to interact with applications; hence it is important that the focus is shifted from one element to the other in the correct sequence, when the user navigates between the elements on the screen using the tab and/or arrow keys.
5. If the user interacts with the application using an external keyboard, the provision to navigate between screens, items in a list, spinner etc. should be imple- may add as many problems as observed. Each disability that needs to be catered to is associated with one ability structure. Since two or more ability structures may share one or more solutions, the solution section is not a part of any one structure. The solution/s to the disability that is, the features to be added, are placed in a separate section, the references to which are given in the ability structure. If a problem can be solved by a combination of two (or more) solutions, the identifiers of the solutions are specified, separated by a Boolean and operator (.). Similarly, if either of the solutions can solve the problem, the ids of the solutions are separated by a Boolean OR operator (+). The ability structures may be stacked on top of each other based on the priority, wherein the structure with the lowest priority should be placed at the bottom. Structures having equal priorities should be placed at the same level.
It is up to the manager, designer, developer, and/or other stakeholders to determine the priority. For example, a problem faced by a visually impaired user could be a disability that should be catered to. One of the problems could be the inability to view small text. The solution could be to give an option to the user to select the text size, or to provide zoom in and zoom out features. 
Conclusion
The author believes that inclusive design is the need of the hour. A user's impairment should not restrain him/ her from using a smart-phone. This issue can be resolved if developers and users have an interactive session, wherein the challenges faced by the user are put forth to the developer. Clients should ask for accessible features in the application, and individual developers should also ensure that the applications uploaded by them on Google Play or any other site, cater to people with various types of impairment. It is not necessary to mix the accessibility features with the other features of the application. The application could have an accessibility mode, which can be switched on or off based on the user's requirements. Software companies could also hire accessibility consultants in order to get a better understanding of the constraints that could be faced by various users. The study focused on visual impairment; more work can be done in this field by studying the problems faced by users with other types of impairment.
